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The effect of dietary onion and 
garlic on hepatic lipid concentrations 
and activity of antioxidative enzymes 
in chicks 
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Chickens were fed 2% lyophilized onion or garlic with different concentrations of  disulfides in diets 
containing 18% soybean oil for 14 days. Hepatic S levels increased almost two-fold in chicks fed garlic. 
Hepatic cholesterol concentrations were reduced by garlic but not by onions. Total superoxide dismutase 
(SOD) activity was decreased by garlic and this was due to reduced activity of  the Cu-Zn, SOD. However, 
in contrast, both onion and garlic increased Mn-SOD activity and hepatic glutathione concentrations. 
Glutathione peroxidase activity was decreased by garlic. These findings indicate that dietary garlic is more 
effective as a hypocholesterolemic agent than onion and has additional effects in reducing the activity of  
antioxidative enzymes. These effects are similar with disulfide intake from onion or garlic. 
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Introduction 

Onions and garlic are regarded in many areas as folk 
medications. Recently,  research has accumulated sug- 
gesting that these two alliaceous plants have beneficial 
effects when included in the diet. This has been re- 
viewed recently in detail by Fenwick and Hanley ~ and 
Augusti.  2 

One area where alliums have been shown to have 
some effect is blood and tissue lipid levels. Cardiovas- 
cular disease is a major  cause of mortali ty in western 
society, and high circulating cholesterol levels are 
considered as a major  risk factor in atherogenesis.  
Epidemiological  studies have also demonst ra ted  cor- 
relations between circulating lipid levels and morbidity 
in several kinds of cancer. Garlic and onion have hy- 
polipidemic effects in humans,  rats, and rabbits in both 
serum and tissues. 3,4 This effect has been attributed to 
the aliphatic disulfides, in particular allicin, in both 
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onions (Al f ium cepa L.)  and garlic (A. sa t ivum L.) .  
These materials contain alliins, cysteine sulfoxide com- 
pounds,  that are converted by alliinase when the veg- 
etable cells are crushed to allicin (a disulfide oxide) 
while releasing pyruvic acid? These compounds have 
been shown to inactivate - S H  groups and cause oxi- 
dation of N A D P H ,  6,7 and are present  at higher levels 
in garlic than on ions )  but their influence on oxidative 
reactions in vivo has not been examined. 

This study was designed to examine the effects of 
garlic and onions fed at intake/body weight levels sim- 
ilar to that previously reported 9 on hepatic lipid me- 
tabolism and on some antioxidative enzymatic activities 
in chicks. 

Materials and methods 

The plant materials used were onion cv. RAM 710 (Hazera 
Seed Co., Haifa, Israel) and garlic cv. Shani. Plants were 
grown at the experimental farm, Faculty of Agriculture, 
Rehovot, Israel. Standard agricultural procedures were used 
throughout. Plants were harvested on maturation and cured 
for 7 days under ambient conditions before lyophilization. 
Relevant bulb composition is given in Table 1. 

Six-day-old Leghorn x New Hampshire male chicks were 
fed the following basic diets that were formulated according 
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Table 1 Composition of onion and garlic bulbs 

Onion Garlic 

Dry matter (%) 10.4 _+ 0.1 32.5 ± 0.5 
Total soluble solids (%) 8,4 -+ 0.1 25.1 _ 0.4 
Total pyruvate (~mol/g) 35.1 _+ 2.4 240.0 +- 12.5 

Table 2 Feed concentrations of S and metals 

Control Onion Garlic 

S (mg/g) 6.01 6.16 6.26 
Cu (~g/g) 17.1 16.9 16.9 
Zn ling/g) 91.0 89.8 90.0 
Mn (l~gtg) 119.5 117.3 117.4 

to NRC. 1° The diets contained (%): sorghum 30.5, soybean 
meal (45% protein) 40.7, soybean oil (no additives) 18.0, 
methionine 0.3, calcium carbonate, 3.3, dicalcium phosphate 
4.2, and vitamin and mineral mix 1.0;" an additional 2% 
lyophilized onion powder, garlic powder, or sorghum was 
added. These diets contained 3.39 Mcals/kg ME (calculated), 
21.3% protein, 0.67% methionine, and 1.01% total sulphur 
amino acids. Tap water was available ad libitum. Birds were 
maintained in a battery brooder. Dietary metals and sulphur 
concentrations are given in Table 2. 

After 14 days on the experimental diets, blood was taken 
into heparinized tubes and birds killed by an intracardiac 
overdose of sodium pentobarbital. Liver was removed and 
a portion homogenized for enzymatic determinations or stored 
at - 2 0  ° C until analysis. 

Superoxide dismutase (SOD, EC 1.15.1.1) activity in liver 
homogenates was determined as described by Beauchamp 
and FridovichJ 2 with 50 i~mol/L xanthine and sufficient xan- 
thine oxidase to cause an A55,, of 0.025/min at pH 7.8 and 
25 ° C in a total reaction volume of 3 mL. SOD activity was 
also determined in an aliquot of homogenate treated with 
C N  to inactivate the Cu-Zn, SOD. The unit of SOD activity 
is described as the amount of enzyme that inhibited the 
reaction rate by 50% under our experimental conditions. 
Glutathione peroxidase (Glu-px, EC 1.11.1.9) activity to- 
wards hydrogen peroxide was determined as described by 
Awasthi et al. 13 using 4 mmol/L glutathione. Activity was 
calculated from the change in concentration of NADPH. 
One unit of enzyme brings about the oxidation of 1 ~mol of 
glutathione per min at 37 ° C. 

Alliins were estimated by the pyruvate development pro- 
cedure as described by Schwimmer and Weston TM and sol- 
uble solids were determined with a thermo-regulated 
refractometer. ,_~.,6 

Lipids were extracted with chloroform-methanolJ 7 and 
cholesterol'" and triglycerides ~9 were determined colorimet- 
rically. Amino acids were determined after hydrolysis at 110 ° 
C for 20 hrs with 6 N HCI with or without pretreatment with 
performic acid. 2° 

Metals and sulphur were determined by inductive coupled 
argon plasma spectrometry (ICP). Samples were oven dried 
at 100 ° C for 3 hr followed by dry heating to 550 ° C for 3 
hr until fine white ash was obtained. Super-O distilled water 
was added containing 0.8% HC1 and 2.5% nitric acid, the 
solution was heated until ash disappeared, and diluted to 25 

lipids and oxidation: Sklan, Bemer, and Rabinowitch 

mL. Elements were determined using an ICP (Spectroflame, 
Klever, Germany}'  

Analysis of variance was performed by standard methods 
and the differences between treatments determined by ex- 
amining all values of the hypothesis H,,: LSM (i)= LSM(j). 2-~ 

Results 

No difference in body  weight  gain be tween  t rea tments  
were  observed  and liver weights did not  differ (Ta- 
ble 3). Feed  convers ion (feed/gain) was not  different 
be tween  the t rea tments  and varied be tween  2.22 and 
2.23 kg/kg. 

Concen t ra t ions  of  Cu, Zn ,  and Mn in the liver are 
shown in Figure 1 toge ther  with concent ra t ions  of  S. 
Diets  did not  effect hepatic  concent ra t ions  of  metals.  
S levels in liver were increased a lmost  two-fold in 
chicks fed garlic, whereas  feeding onions  had no effect. 

Hepa t ic  cholesterol  concent ra t ions  (Figure 2) were 
decreased  by garlic but not  by onions.  O n  the o ther  
hand,  tr iglyceride concent ra t ions  were not  inf luenced 
by garlic but were slightly increased by onions.  Phos- 
pholipid levels (not  shown)  did not  change.  

Table 3 Weight gain and liver weights at the end of the experimental 
period 

Control Onion Garlic 

Weight gain (g) 99.8 -+ 7.2 107.3 -z-_ 6.8 98.5 _+ 7.1 
Liver weight (g) 6.7 _+ 0.4 6.9 ~ 0.5 6.6 + 0.5 

Results are means _+ SD from 10 birds. 
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Figure 1 Hepatic concentrations of copper, manganese, zinc, and 
sulphur ling/g) wet weight in chicks fed control, onion-containing, 
or garlic-containing diets. Results are from 10 chicks. Bars represent 
SD. Bars not marked by the same letter differ significantly (P < 
0.01). 
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Figure 2 Hepatic concentrations of cholesterol and triglycerides 
(mg/g) in chicks fed control, onion-containing, or garlic-containing 
diets. Results are from 10 chicks and bars represent SD. Bars not 
marked by the same letter differ significantly (P < 0.05). 

Activities of total, Cu-Zn, and Mn SOD are shown 
in Figure 3. Total SOD activity tended to decrease 
when onion was fed and was reduced by one-third 
when garlic was included in the diet. Examination of 
the separate SOD activities showed that this decrease 
was due to extensively decreased activity of the Cu- 
Zn, SOD; whereas, Mn-SOD exhibited increased ac- 
tivity by up to two-fold with both onion and garlic. 
Glu-px activity was also considerably decreased when 
garlic was fed but onion had no effect on this enzyme 
(Figure 3). 

Hepatic glutathione concentrations increased and 
both sulphur amino acids tended to increase when 
either garlic or onion were included in the ration (Ta- 
ble 4). 

D i s c u s s i o n  

This study demonstrated hypocholesterolemic effects 
and reduced antioxidative enzymes activity in chicks 
fed garlic, but not in those fed onions. These effects 
correspond to the relative levels of disulfide com- 
pounds in the alliaceous supplements. 

Hepatic cholesterol synthesis makes the greatest 
contribution to cholesterol turnover in the chicken. 23 
In the present study no cholesterol was present in the 
diet, thus the hepatic cholesterol concentrations rep- 
resent the sum of endogenous synthesis, recycling, and 
transport from the liver. Garlic, but not onion, was 
found to depress hepatic cholesterol levels in chicks, 
although onions have been reported to have this effect 
in humans and rabbits. 4-24,25 Hepatic TG concentrations 
did not appear to be affected by garlic, suggesting that 
overall transport of lipids was probably not decreased. 
These findings may indicate that feeding garlic could 
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Figure 3 Hepatic activity of total, Cu-Zn, and Mn-SOD (left panel) 
and of Glu-px (right panel) in chicks fed control or onion or garlic 
containing diets. Results are from 10 chicks. Bars represent SD. 
Bars not marked by the same letter differ significantly (P < 0,05). 

down-regulate liver cholesterol synthesis. Similarly, 
Jain 2~ reported that garlic, but not onion juice, could 
ameliorate cholesterol-fed atherosclerosis in rabbits. 
Feeding garlic to rats has been shown to decrease 
hepatic cholesterol synthesis from acetate. 27 Mahanta 
et al. 2~ reported that feeding 50 g raw garlic daily to 
humans had hypocholesterolemic effects in plasma; 
this quantity is similar on a body-weight basis to that 
used in the present study. The daily turnover of about 
1.5 g cholesterol in humans is derived by approximately 
one-third exogenous absorption and two-thirds endog- 
enous production. 2~ Thus, extrapolating from the re- 
sults reported here, the decrease in circulating 
cholesterol in humans by feeding them garlic may be 
the result of decreased liver cholesterol synthesis. 

Both onions and garlic contain sulphur as polysul- 
fides, whereas garlic has markedly higher concentra- 
tions. Chicks fed onion showed no change in overall 
liver S content, whereas garlic-fed chicks had almost 
twice the liver S content. This was in contrast to the 
relatively small differences in total dietary content, and 
may be due to enhanced absorption of alliaceous S. 
Dietary inorganic sulphate is converted in part to cys- 
teine in chicks 3° and this may explain the tendency to 
the increased S amino acids and glutathione observed 
here. 

One of the described effects of onions and garlic is 

Table 4 Hepatic glutathione and sulfur amino acid concentrations 

Control Onion Garlic 

Glutathione 
(l~mol/t~g prot) 8,60 _+ 1.81" 12.75 _+ 2.33 b 11.87 ~ 1.86 b 

Cysteine % 4.59 _+ 0.61 5.66 _+ 0.60 5.23 _+ 0,53 
Methionine % 1.79 + 0.18 1,98 + 0,19 1.92 _+ 0.22 

Results are means -- SD from 10 birds. Values in rows not followed 
by the same letter differ significantly (P < 0.05). 
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due to the reaction of disulfides with SH groups and 
NADPH, which are required for cholesterol and fatty 
acid synthesis, causing inactivation by thiol disulfide 
reactions and oxidation? In this study we observed 
that garlic enhanced hepatic glutathione concentration, 
whereas Glu-px activity decreased concomitantly. This 
indicates less overall oxidative activity, as does the 
decreased total SOD activity in these animals. How- 
ever, Mn-SOD increased, and as this enzyme is located 
in the mitochondria it may indicate enhanced oxidative 
activity within the mitochondria together with reduced 
cytosolic oxidative activity. These differences in SOD 
activities did not appear to be due to any changes in 
the concentrations of elements in the metal core of 
SOD, as indicated by total Cu, Zn, or Mn concentra- 
tions in the liver. Under these conditions, feeding 
onion did not produce any significant changes from 
the control chicks. 

The overall effect of the dietary garlic would seem 
to be a reduction in activity of antioxidative enzymes 
in cytosol. This could be due to a sparing of these 
activities as the enhanced levels of glutathione and 
sulphur amino acids can react directly with oxidizing 
compounds.3'~ 

The effects of garlic demonstrated here were greater 
than those found with onions both on cholesterol levels 
and on antioxidative enzymes activity, and are in par- 
allel with S-alliaceous content in the diet. These find- 
ings correlate with previous findings in other species 23 
and suggest beneficial influences of high dietary garlic 
levels. 
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